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Measurement of Variations in Lumbar Zygapophyseal
Joint Intracapsular Pressure: A Pilot Study
A pilot study using four subjects was con-
ducted to investigate a proposed method of
measuring 'in vivo' lumbar zygapophyseal in-
tracapsular pressures.
The authors were interested in establishing
whether a resting pressure could be measured,
and to observe pressure changes within the
lumbar zygapophyseal capsules with fluid in-
jection and with a range of active and passive
movements including manipulative techniques.
The results indicated that the apparatus could
effectively measure intracapsular pressure
changes on injection and lumbar movements.
Significant pressure changes with specific lo-
calized manipulative therapy techniques were
demonstrated. A resting intra-capsular pres-
sure reading was not obtainajJle.
Further controlled studies using this ap-
proach could provide valuable anatomical and
clinical knowledge for the future.
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The importance of the lumber zyg-
apophyseal joints in the aetiology lof
low back pain has long been known
(Badgeley 1941, Hirsch et a1 1963,
Rees 1974, Maslow and Rothman
1975, Mooney and Robertson 1976,
Shealy 1976, Ogsbury et a11977, Lqra
and Long 1979, McCall et a1 1919,
Oudenhoven 1979, Bogduk 1980, Car-
rera 1980, Destouet et a1 1982). The
load bearing forces through the lum-
bar zygapophyseal joints have belen
measured and the effect movement
has on these measured forces has been
determined in a number of different
ways, resulting in a large variation in
data (Nachemson 1960, Lorenz et a1
1963, Prased and King 1974, Fiorini
1976, Lin et a1 1978, Adams and
Hutton 1980, Adams et a1 1980).
Lumbar intradiscal pressure has
been measured both in vitro (Nachem-
son, 1960) and in vivo (Nachemson
and Morris 1964), but whereas intra-
articular pressures have been studied
in appendicular synovial joints (Nade
and Newbold 1983), to our knowledge,
the measurement of intra-articular
pressure in lumbar or other spinal
synovial joints has not previously been
reported.
The lumbar zygapophyseal joints
are formed by the superior and inferior
articular processes which project from
the posterior arches of the lumbar
vertebrae. They are true synovial joints
with articular cartilage, synovium and
a joint capsule. The facets form an
incongruent articulation, the shape of
the superior facet being concave and
that of the inferior facet being convex.
The orientation of the facets varies
greatly, being sagittally orientated in
the upper lumbar spine and becoming
more coronally orientated in the lower
lumbar spine (Williams and Warwick
1980).
The capsule of each lumbar zyga-
pophyseal joint attaches to the margins
of the superior and inferior articular
processes, a short distance from the
edge of the articular cartilage (Lewin,
Moffet and Viidik 1962). Superiorly
and inferiorly, the capsule is loose and
projects into articular recesses (ibid.)
Dorsally the capsule is reinforced by
the tendinous fibres of the multifidus
muscle, while ventrally it is reinforced,
and even replaced, by the ligamentum
flavum (ibid.) Inferiorly it blends with
the fibres of the dorsal leaf of the
intertransverse ligament (ibid.)
As the prime aim of many manip-
ulative techniques is to produce move-
ment of the articular surfaces of the
zygapophyseal joints in order to relieve
pain, resistance and spasm, intracap-
sular pressure measurements of these
joints may provide some additional
biomechanical insight into their move-
ment with manipulative therapy tech-
niques. Therefore, in this study, an
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apparatus to measure intracapsular
pressure was devised anti used to
investigate the pressure levels in the
lumbar zygapophyseal joints in vivo.
It was sought:
(i) to test the apparatus in situ by
measuring the ambient (resting)
intracapsular pressure.
(ii) to measure pressure changes with
intracapsular injections to observe
whether the apparatus could dem-
onstrate pressure variations while
the intracapsular injection fluid
volume increased.
(iii) to measure the effect of active
and passive lumbar movements
on zygapophyseal intracapsular
pressure.
1 fl11 system
Cntl.flCM
valve Wlth
pressure rehef
(ISCO rem Hg) 90 an flex1bletubll1g FacC't
capsule
Figure 1: A diagrammatic representation of apparatus (2 needle system).
Nature of Study
Due to the absence of literature
pertaining to pressure studies of the
zygapophyseal joints, this project was
essentially a pilot study to establish
whether results could be sufficiently
reliable and meaningful to justify fur-
ther major research along these lines.
A group of four subjects was used
in the study. Two sutjects were pa-
tients with back pain who had been
referred for zygapophyseal block pro-
cedures to the Radiology Department
of Royal Perth Rehabilitation Hospi-
tal. Changes in zygapophyseal intra-
capsular pressure associated with fluid
injection were observed with these
patients. The two other subjects com-
prised healthy volunteers who did not
have a history of back pain. Obser-
vations 0 f in tracapsular pressure
changes with various movements and
postures were undertaken in these sub-
jects.
The nature of the study precluded
a formal statistical design, analysis
and correlation of the information
obtained. Methodology varied be-
tween cases observed in order to find
an optimal measuring procedure. Fur-
thermore, ethical considerations re-
quired different procedures for those
patients undergoing zygapophyseal
block injections, compared with the
healthy volunteers.
Apparatus
A closed sterile circuit has been
developed to measure intracapsular
pressure, using a syringe within the
capsule which is attached to flexible
tubing, a transducer, a four-way valve
and an "A" class pressure monitor
(ie safety-approved) which provides a
printout of pressure readings (see Fig-
ure 1). The pressure monitor can be
adjusted to increase or decrease sen-
sitivity depending on requirements.
The transducer used is a Gould Sta-
tham p 23 ID physiological transducer
with a calibrated range of -50 to +
300 mm Hg, and a working range to
1500 mm Hg. A pressure safety-relief
valve which operates at 1500 mm Hg
was built into the system as a precau-
tionary safeguard. The system is filled
with normal saline solution by flow
towards the needle, prior to connecting
the pressure-measuring circuit to the
inserted needle. The four-way valve
allows the system to fill with fluid
(normal saline solution) and removes
any bubbles. It also has a capacity to
vent the system which effectively re-
stores an ambient pressure level. The
valve was otherwise maintained in the
'stop' posItIon, which prevented
movement into or out of the system.
Some pressure-measurement proce-
dures involved the use of one needle,
while others were carried out with two
intracapsular needles. The two-needle
system was used with patients
undergoing zygapophyseal block in-
jections while the one-needle system
was used for pressure readings of the
volunteers. The two-needle system fa-
cilitated true pressure readings during
injection because as the unconnected
syringe introduced fluid, the second
needle which was connected to the
pressure-reading apparatus was able
to relay changing pressure recordings
within the capsule. (If only one needle
is used to inject as well as measure
pressure readings, this records unreal-
istically high pressure readings as the
passage of fluid through the narrow
needle creates its own pressure due to
resistance, which the one-needle sys-
tem is unable to differentiate). The
two-needle system was therefore useful
when reading pressure measurements
of patients undergoing zygapophyseal
injection procedures, as these injec-
tions could be done independantly of
the pressure-measuring circuit. In the
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event of an equipment failure, the
needle connecting the patient with the
pressure apparatus couId simply have
been removed, and the patient's zyg-
apophyseal block procedure could
have continued undisturbed.
The one-needle system which was
used with the volunteers required con-
nection between the saline filled meas-
uring circuit and the injected intracap-
sular needle. Both the one-needle and
two-needle systems measured pressure
variations with respect to an ambient
level which was obtained by adjusting
the apparatus to a 'resting level' once
the system being used was connected
up. While the one-needle system was
not used to measure injection pres-
sures, it was however, able to measure
pressure changes on movements and
postural alteration. The one-needle
system caused minimal disturbanctio
the asymptomatic zygapophyseal
joints being studied, and was thus
used for the volunteers in preference
to the two-needle system so as to cause
as little interference with the joint as
possible.
Figure 2: (Refer Case 1) Oblique view.
of lumbo-sacral spine demonstrating
the two needles positioned within the
capsule of the left L4/5 zygapophyseal
joint. Radio-opaque dye can be seen
within the joint space.
Injection Procedure
All the injection procedures were
performed by a radiologist, Dr C.
McCormick. Apart from the use of
the experimental apparatus, the pa-
tients referred for zygapophyseal
blocks underwent these blocks using
standard procedures (Carrera 1980,
Destouet et al1982) . Reciprocally, the
volunteers did not undergo zygapo-
physeal blocks, but only the use of
the experimental apparatus. To mini-
mize the discomfort of the procedure,
all subjects received an intramuscular
injection of local anaesthetic over the
site of the joint to be studied.
Ethical clearance for the experiment
was granted by the Ethics Committee
of the Royal Perth Hospital.
Results
Case 1 (G.T.)
Date: 24.10.83
Age: 51 years
Sex: Male
This patient was referred for zyga-
pophyseal block injections for low
back pain. The left L4-5 and L5-S1
segments required injection. The pres-
sure readings were carried out on the
L4-5 zygapophyseal joint. Two 25
gauge needles were inserted into the
L4-5 facet capsule. Less than I ml of
radio-opaque dye was injected into the
capsule through needle 1 (Figure 1)
to confirm position of the needle
and then aspirated following X-ray
(Figure 2). The second needle was
connected to the pressure-monitoring
circuit which had been filled with
normal saline solution. Then the sys-
tem was adjusted upwards to an ar-
bitary zero level (the resting level). A
positive pressure change of 29 mm Hg
occurred with an injection of 3 mls
saline intracapsularly, which gradually
settled back to the resting zero position
within one minute. Minor pulses were
noted in the resting state, which cor-
responded with the patient's pulse.
Additionally during this time pressur-
ization to 6 mm Hg and later 16 mg
Hg occurred spontaneously and settled
back to a resting level within seconds.
These two pressure peaks did not
characterize pulses associated with
deep inspiration or muscle contrac-
tion, so no explanation is offered for
this phenomenon.
An injection of 1.5 mls of Depo-
medrol and Marcaine mixture was then
performed through the 1st needle. The
pressure-monitoring circuit corre-
spondingly indicated a positive pres-
surization immediately. When a
change of 21.5 mm Hg occurred, a
small dip was noted in the pressure
curve which corresponded with the
patient experiencing sudden local pain
in the injection site. The injection
procedure was stopped for about 5
seconds, by which time the pain had
settled. The injection then proceeded
until the total 1.5 mls of therapeutic
injection material was expressed from
the syringe. The pressure finally
peaked at 35 mm Hg at the end of
the injection, then settled back down
to the resting position within one
minute.
Case 2 (D.C.)
Date: 31.10.83
Age: 79 years
Sex: Female
This patient was also referred for
zygapophyseal block injections for low
back pain. The zygapophyseal joints
which were injected for therapeutic
reasons were left L3-4, L4-5 and L5-
SI, and the right L3-4, L4-5 and L5-
S1. Our studies were performed on
the right L3-4. The pressure monitor-
ing needle (needle 2) was a 22 gauge.
The wider diameter needle was chosen
to see if more accurate readings could
be obtained, by minimizing pressure
interference due to the resistance cre-
ated by the needle shaft, yet this needle
was narrow enough to permit a com-
fortable entry into the capsule. This
may have produced lower pressure
changes than could otherwise have
been obtained using a higher calibre
pressure needle. The injection needle
used was a 25 gauge.
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Figure 3: (Refer Case 2) Oblique view
of lumbo-sacral spine showing 2
needles positioned in the right L3/4
Zygapophyseal joint. Radio-opaque
dye can be seen within the joint space.
As with Case 1, less than 1 ml of
contrast material was introduced into
the capsule to confirm needle position,
and then aspirated (Figure 3). A reli-
able ambient pressure was not ob-
tained initially, but the pressure mon-
itoring circuit was adjusted to an
arbitrary zero level; 0.6 ml of saline
was injected through needle 1 and this
corresponded with a positive pressure
change of 110 mm Hg. This peak
pressure was maintained for about 5
seconds and there was a gradual return
towards the resting level over the next
minute. However, the pressure did not
fully return to the zero position so the
machine was vented and another rest-
ing 'zero' position was established.
During the injection and recovery
phase, a strong pulsation was evident
on the pressure graph.
Injection of 1.5 mls of Depo-medroll
Marcaine mixture created a surprising
peak pressure of 630 mm Hg. How-
ever, due to the very strong resistance
felt in the capsule during the injection,
and difficulty expressing the req uired
dose into the capsule, the pressure
monitoring needle was removed, and
the injection was completed one min-
ute later, after the pressure had re-
duced sufficiently to permit entry of
the remaining injection fluid. The level
of resistance which had maintained at
630 mm Hg did not cause the patient
to complain of any discomfort, and
there was no graphic evidence of any
loss of intracapsular pressure at this
level. The closed system appeared to
maintain its integrity and was pre-
sumed to be the cause of the high
pressure reading and strong resistance.
After the injection needle was re-
moved, the zygapophyseal injections
for the remaining lum bar capsules
were performed.
Case 3 (B.G.)
Date: 28.10.83
Age: 31 years
Sex: Female
The left L4-5 zygapophyseal joint
was studied in this volunteer, using
the one-needle system which was of
25 gauge diameter. As with the pa-
tients undergoing zygapophyseal joint
block, the volunteer was positioned at
the level between prone lying and side
ly.ing which provided optimal radiol-
ogical viewing of the relevant joint.
Following the intramuscular local an-
aesthetic injection, the needle was in-
serted into the capsule and checked
radiologically. Contrast medium was
not used to confirm position due to
the possible irritant effect of the ma-
terial, but the radiologist was confi-
dent of the correct needle placement;
0.5 mls of saline was then injected
into the joint. The saline-filled pres-
sure monitoring system was then con-
nected to the needle, and vented to
establish an ambient zero pressure.
This required an adjustment of 5mm
Hg.
During the manoeuvres attempted,
the transducer was maintained at the
same level as the injection site. A
Valsalva manoeuvre was attempted
first, and this caused a positive pres-
sure change of 5 mm Hg. Following
this, the pressure quickly returned to
the resting state. The subject then
took a deep breath and held it for
several seconds. A negative pressure
response of 0.5 mm Hg occurred
followed by a return to resting pres-
sure. The next manoeuvre involved
straightening of the left leg (ie the
uppermost leg) from its bent position.
This created a negative pressure
change of 2.6 mm Hg. On adopting
a sitting posture, a negative pressure
response of 20 mm Hg occurred. Due
to local discomfort at the injection
site, the subject was not totally sym-
metrical in the sitting posture. The
pressure returned to ambient zero po-
sition within seconds of returning to
the lying position. However, on return
to lying, the subject noted localized
sharp low back pain. On rechecking
the needle position, it was found to
have become dislodged from the cap-
sule, probably due to muscular activity
on the return movement from sitting
to lying. Consequently the needle was
withdrawn and no further movements
were attempted. Removal of the needle
immediately relieved the discomfort
experienced by the volunteer subject.
Case 4 (E.T.)
Date: 11.11.83
Age: 31 years
Sex: Female
The left L4-5 zygapophyseal joint
was studied in the second volunteer
using the one-needle system. In this
case a 22-gauge diameter needle was
used. The procedure was otherwise the
same as for Case 3. The needle posi-
tion was confirmed radiographically
without using contrast medium, and
then was pushed slightly deeper into
the joint to prevent dislodgement dur-
ing the testing movements.
We attempted to obtain a resting
pressure reading within the capsule
prior to injection of saline but a
measurable pressure was not obtained.
Consequently the injection of 0.5 mls
normal saline solution into the capsule
was then performed as in case 3, to
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18. Straightening left knee while sitting 0
Table 1:
Pressure changes recorded with each manoeuvre (Refer Case 4)
3. Transverse pressure (left to right, + 2.5
grade 111+) L4
17. Transferring weight on to left buttock + 4.0
while sitting
+ 0.5
+ 0.5
Manoeuvre Pressure Change (mm Hgj
from ambient zero pressure
Manoeuvre Pressure Change (mm Hgj
from ambient zero pressure
2. Deep inspiration
1. Valsalva manoeuvre
1. Deep inspiration (holding breath) + 1.4
2. Normal expiration (following 1) - 0.9
3. Slow inspiration + 1.0
4. Slow expiration (following 3) - 0.4
5. Valsalva Manoeuvre - 1.4
6. Transverse pressure (left to right, -13.0
Grade 111+) L4
7. Transverse pressure (left to right, 0
Grade 11I+) L5
8. Transverse pressure (left to right, - 0.5
Grade 111+) L3
9. Posterior-anterior pressure on L4 - 1.0
Spinous process, Grade 111+ + 0.6 on release
10. Passive leg extension - 3.0 (average)
11. Return from 10 to flexed position + 2.5 (average)
passively
12. Left active shoulder rotation (to Spiking graph between
obtain side lying position) -34.0 and +15
13. Right side-lying position. Extension - 2.5
P.P.I.V.M. holding 2 legs (L4-5)
14. Right side-lying position. Flexion - 0.3
P.P .I.V.M. holding 2 legs (L4-5)
15. Left rotation technique L4-5 -10.0
Grade 111+
16. Sitting + 8.0
Table 2:
Pressure changes after needle was removed from capsule and
positioned within paravertebral muscle tissue (Refer Case 4)
On experimenting with the appara-
tus, it became clear that pressure
changes could be accurately moni-
tored. A resting intracapsular pressure
could not be obtained. This was not
due to lack of sensitivity of the equip-
ment, but because it was a fluid-filled
system which ultimately proved to
reliably measure pressure variations
but not resting pressure. It is feasible
that the resting pressures were close
to atmospheric pressure. It was nec-
essary to inject a minimum of 0.5 mls
of saline solution intracapsularly to
obtain sufficient volume displacement
to record measurable ambient pres-
sure. This ambient pressure was a
baseline measurement from which pos-
Discussion
improve volume displacement within
the capsule and facilitate pressure
change recordings.
Table 1 outlines the results obtained.
Manoeuvres 1-11 were performed with
the patient positioned semi-prone,
with the left side uppermost. Man-
oeuvres 6,7,8,9, were based on acces-
sory techniques as described and
graded by Maitland (1977). Man-
oeuvres 13 and 14 were also based on
passive physiological techniques de-
scribed by Maitland (ibid.).
The subject was returned to the
original position of semi-prone lying,
with the left side uppermost, after
these manoeuvres. The needle position
within the capsule was rechecked ra-
diographically and confirmed that dis-
lodgement had not occurred during
the previous manoeuvres. The needl.,e
was then withdrawn and repositioned
within the paravertebral muscle tissue.
Several repeat manoeuvres were per-
formed with the altered needle posi-
tion. The result shown in Table 2 were
obtained.
The needle was then completely
withdrawn. It should be noted that
active movements were almost com-
pletely avoided during these man-
oeuvres, to prevent dislodgement of
the needle.
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itive or negative pressure variations
could be recorded.
Pressure variations within the cap-
sule were demonstrated by the appa-
ratus during injection of fluid in cases
1 and 2. It was surprising to note the
wide variation in magnitude of intra-
capsular pressures between the two
cases. In case 2, very large pressure
readings were obtained, with smaller
volumes of fluid injected, than in case
1. Strong resistance to further injec-
tion was evident by the pressure
buildup within the syringe. Contrary
to the findings of Dory (1981) and
Destouet et al (1982), there was no
evidence to indicate any volume leak-
age of fluid from the capsule. Dory
(1981) showed arthrographically that
frequent capsular ruptures occcurred
at either the lateral or medial aspect
of the inferior recess when volumes
of fluid greater than 3-4 mls were
injected. Destouet et al (1982) showed,
that in most patients either the supe-
rior or inferior recess ruptures during
the injection of 0.5 to 1.5 mls of
contrast material. The capsule in case
2 (age 79 years) may have sustained
high pressures due to possible degen-
erative fibrous thickening.
In contrast to the findings in case
2, the results from case 1 indicated a
possible loss of fluid from the capsule.
The pressure monitoring system did
not require venting during the proce-
dure, and during continued injection,
intracapsular pressure at one point
actually dropped, corresponding with
the patient experiencing sudden sharp
back pain. The possibility of a cap-
sular rupture in this case could not be
excluded.
A comparison of case 1 and 2
indicates vast differences in the cap-
sular capacity to withstand pressure.
The variation in the literature pertain-
ing to zygapophyseal capsular struc-
ture is reflected by the differences
obtained in these two cases. Zygapo-
physeal capsules have been described
as both 'long and loose' (Parke 1975,
Warwick and Williams 1980) and
'strong and elastic' (Lewin, Moffett
and Viidik 1962, Tondury 1973). This
variation could be explained by the
fact that the various authors are re-
ferring to different levels of lumbar
joint capsules in different specimens.
Personal observations of a dissected
fresh lumbar spine revealed to the
authors that while the capsule of L3-
4 joint was very loosely attached, those
of L2-3 and L4-5 were very firmly
attached to the joint margins. This
may be due to variations in the mor-
phological arrangements of the lum bar
zygapophyseal joints.
Pressure variations during active
and passive movements were shown
in cases 3 and 4. A comparison be-
tween these two cases produced vary-
ing results. These differences may be
due to the use of differing gauges of
needle, and non-standardized proce-
dures. However, almost all active and
passive movements produced negative
pressure recordings. The greatest neg-
ative change occurred with localized
passive movement techniques (trans-
verse pressures and rotations) directed
to L4 (case 4). This emphasizes the
extra movement of the joint structures
which occurs when a technique is
directed to that particular level. In
comparison, it is important to note
the minor pressure variations which
occurred when these techniques were
performed at the adjacent vertebral
levels. This highlights the specificity
of localized manipulative techniques.
The pressure variations with active
and passive movements may be ex-
plained by the movement of meniscoid
inclusions. These have been identified
in all lumbar facet joints (Hadley 1961,
Lewin, Moffett and Viidik 1962, Kos
and Wolf 1972, Tondury 1973, Engel
and Bogduk 1982). Tondury (1973)
suggests that with decreased intra-
articular pressure, meniscoid inclu-
sions go more deeply into the joint,
and with increased pressure they are
pushed towards the exterior. Personal
observation by the authors of facet
joint movement of a fresh cadaver
during flexion and extension at the L4
level revealed movement of joint in-
clusions into the capsule on flexion
and out of the capsule on extension.
In view of a tendency for movements
involving extension to create a negative
pressure, and movements involving
flexion being associated with higher
pressures, it could be possible that a
suction effect is created on extension
due to outward movement of the joint
inclusions and the reverse to occur in
flexion. This would appear to be in
conflict with Tondury's assumptions.
However, more extensive studies
would have to be undertaken to con-
firm or negate these observations.
It is difficult to make any correla-
tion between studies of load-bearing
characteristics of the facet joints and
intracapsular facet pressures from
these preliminary observations but
with further controlled studies a cor-
relation may well be made.
The results obtained when the needle
was removed from the capsule in case
4 and repositioned in the paravertebral
muscle tissue, were noticeably differ-
ent from the intracapsular pressure
changes. The appearance of the graph
was also markedly different. Small
magnitude positive pressure readings
were obtained in comparison with the
larger magnitude negative pressures
which occurred intra-capsularly. These
differences convinced the authors that
in all 4 cases, actual intracapsular
pressure was in fact being measured.
The main problems associated with
this method of measuring intracapsu-
lar pressure are the possible dislodge-
ment of the needle with active move-
ment due to muscular activity, and
pain associated with needle pressure
during movement.
Conclusion
The value of this procedure for
measuring pressure variations within
the lumbar zygapophyseal joints has
been demonstrated in this pilot study.
No ill effects from this procedure were
evident in the four subjects. Further
investigations into the response of the
capsule to increased pressure with fluid
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Injections may give more insight into
its nature. Similarly a more detailed
study with active and pa"ssive move-
ments could provide further under-
standing of the biomechanical func-
tion of these joints. The significance
of the negative pressure changes with
specific accessory techniques indicates
the value of further research of this
type in order to validate the effective-
ness of localized manipulative tech-
niques.
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